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How did you get interested 
in biology? I had two main 
academic interests when I was 
in high school, science and math 
(especially math) on the one 
hand, and music on the other. 
When it came time to apply for 
college I was admitted to Caltech 
and Stanford and had to decide 
between them. At the time I knew 
only one actual scientist. That 
was my clarinet teacher, who ran 
a clinical microbiology lab by day, 
played jazz clarinet by night, and 
had graduated from Stanford, 
so I asked him what I should do. 
He told me, first, that if I chose a 
career in science I could still do 
music as seriously as I wanted, 
but it wouldn’t work the other 
way around, so he recommended 
science. Second, he said that 
if I chose Stanford I could end 
up with a cushy job like his in 
non- academic science and get 
paid $20,000 a year. On the other 
hand, with a Caltech education I 
could get an academic science 
job, which would be more exciting 
but with a salary that would top 
out at $10,000. Ten thousand 
dollars seemed like a princely sum 
to me so I opted for excitement 
and went off to Caltech.
Caltech was a really stimulating 
place to be a student in the early 
1960s, as I am sure it still is. Not 
only was I surrounded by about 
two hundred frighteningly smart 
fellow freshmen, but in my first 
week I met Linus Pauling and had 
the first of a long series of lectures in physics by Richard Feynman. 
Needless to say, I was very 
impressed with myself! It  
became clear pretty quickly —  
after the first calculus exam in 
fact — that I was not destined to 
be the next Fermat, but I found I 
really liked working at a lab bench 
and there were lots of interesting 
things going on in chemistry and 
especially biology, and when I got 
a summer job in a biology lab the 
summer after my first year I never 
looked back. 
The thing that attracted me most 
to biology, I think, was the idea 
that if you knew how to approach 
it, you could understand these 
stunningly complicated biological 
organisms in a really fundamental 
and rigorous way, at the level of 
molecules interacting with each 
other. It was the early days of 
the new discipline of molecular 
biology, and Caltech was one of 
its hotbeds, particularly with Max 
Delbrück and the ‘phage church’ 
in residence. Molecular biology 
has so thoroughly penetrated 
all areas of biology by now that 
the notion that it is possible to 
understand the most fundamental 
aspects of life in a mechanistic, 
molecular and non-mystical way 
is commonplace, but at the time it 
was a revelation to me.
Your work has always 
been centered around 
bacteriophages: was that a 
deliberate choice, and would 
you do the same again? When I 
started in biology the choice was 
obvious — if you wanted to do 
molecular biology, phages was 
where the action was. Around that 
time I read Gunther Stent’s book 
Molecular Biology of Bacterial 
Viruses, which described the early 
work of Max Delbrück’s ‘school’; 
it brought out the excitement 
of being part of a pioneering 
field and showed the clarity and 
elegance of the work. 
It was at Stanford in the early 
1970s, when I was a postdoc 
there, that the first versions of 
recombinant DNA technology were 
worked out. These developments 
were to a large extent a triumph 
of phage biology, but one of the 
consequences was that many 
people who had been working 
with phages or Escherichia coli moved to other model systems, 
especially eukaryotes. It is of 
course impossible to overstate 
the positive impact on biology 
and biomedical science that 
has come from being able to do 
molecular biology on the likes of 
yeast, flies, worms, plants and 
elephants, but my reaction to the 
new technologies was to realize 
that we could now ask much 
more sophisticated questions 
about phages. Perhaps I shouldn’t 
confess this, but the thing that 
motivates me to go to the lab 
every day is not a desire to find a 
cure for cancer within our lifetime, 
as much as I admire people who 
feel that way. Instead it’s a purely 
selfish motivation — a desire 
to find elegant and astonishing 
answers to interesting questions 
about the living world. And I felt 
then, as I still do, that phages 
are one of the very best and 
most prolific sources of those 
astonishing and elegant answers.
But even though my motivation 
may be suspect, my conscience 
is clear. Phages are fascinating 
objects in their own right, but 
since the beginning of modern 
phage biology in the 1940s, 
good phage biology has not only 
told us how phages work, it has 
also illuminated more general 
biological principles — remember 
the genetic code, and the 
Hershey–Chase experiment? To 
cite a couple of examples from 
my own areas of research, work 
on the assembly mechanisms 
of phage virions has not only 
told us about how other viruses, 
such as Herpes and Adenovirus, 
are assembled, but revealed 
broadly applicable principles of 
biological form determination; 
and studies on phage genomics 
have provided one of the clearest 
and most data- rich examples of 
the molecular mechanisms of 
biological evolution.
In the last few years, there has 
been something of a renaissance 
of phage biology, with renewed 
or newly minted interest in a wide 
variety of phage-related topics. 
Probably the biggest change 
to the face of phage biology 
has come from the ecologists 
and oceanographers, who have 
taught us that the majority of 
organisms on Earth are phages, 
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for a large fraction of carbon and 
energy cycling in the oceans, and 
from evolutionary biologists, who 
have taught us that phages play 
a major role in the evolution of 
their cellular hosts. Phages have 
graduated from simply being a 
convenient experimental system 
for molecular biologists to being a 
major component of the biological 
fabric of the planet.
What is the best advice you’ve 
been given, and what advice 
would you offer someone 
starting a career in biology? 
Don’t be afraid to hang out with 
people who are smarter than you 
are. I don’t think anyone ever 
gave me that advice explicitly, but 
it was the only sensible way to 
behave when I got to Caltech as 
an undergraduate. It continued 
to be good advice when I was a 
graduate student in Jim Watson’s 
group at Harvard and a postdoc 
in Dale Kaiser’s group at Stanford. 
Since I’ve been running my own 
lab, I’ve continued in that vein by 
finding really smart collaborators, 
both from within the lab and from 
elsewhere. For example, I cannot 
think of any better advertisement 
for the synergistic benefits of a 
good collaboration than the work 
that combines our biochemical 
and genetic studies of the 
assembly of phage virions with 
our collaborators’ remarkable 
structural biology talents. As 
Newton said, we stand on the 
shoulders of giants, and I think it’s 
always more fun when you can go 
out and have a beer with the giants 
after you finish writing the paper.
Given the prominence of the 
evolutionary perspective in 
your work, can you comment 
on the current efforts to 
present ‘Intelligent Design’ 
as an alternative to biological 
evolution in public schools 
in America? It is a sorry 
commentary on the state of 
public understanding of science 
that a large fraction of the US 
population is willing to accept that 
Intelligent Design (ID), essentially 
a tarted- up version of creationism, 
and evolution are in some sense 
parallel or comparable. The ID 
argument, as near as I can tell is “These biological organisms 
are so complex that I cannot 
imagine how they got to be like 
they are. If I cannot understand 
that, nobody can understand it. 
Better call in God”. To think that 
ID in any way provides evidence 
against biological evolution shows 
a lack of even a rudimentary 
understanding of the nature of 
scientific evidence and scientific 
argument. At the risk of sounding 
cynical, though, I would venture 
that most of the people pushing ID 
do not give a rat’s patootie about 
having a scientific discussion over 
evolution or considering what the 
data might tell us; they’re simply 
looking for a way to insert their 
own peculiar religious beliefs into 
public education.
But if I can stay on my soapbox 
for just a little longer, I think 
there’s a more pernicious threat 
to scientific education in America 
than ID pushers, and that comes 
from apparently well- intentioned 
government officials who are 
terrified when students from 
places like Singapore do better 
than American students on 
standardized math exams. They 
worry that, if we don’t bring those 
scores up, we’ll lose our edge in 
science and engineering and our 
economy will end up in the tank. 
The result is that so much money 
and effort is being siphoned into 
teaching students in high school 
and earlier how to do well on 
standardized math and science 
exams that nothing is left over 
for the arts and humanities. 
Those programs are being 
seriously curtailed and sometimes 
eliminated altogether. As someone 
with an actual scientific career to 
my credit, I would say to those 
terrified government officials, “You 
should relax. And while you’re 
doing that, please give us back our 
arts classes.” It is my conviction 
that the arts education I got in the 
California public schools, in my 
case especially in music, has had 
a bigger positive impact on the 
success of my scientific career 
than all the classes in math and 
science, excellent though those 
generally were.
How does that work? Well first 
of all, the things you learn doing 
an artistic project are typically different from what you might learn 
in conventional science or math 
classes — something like getting 
an intuition for three- dimensional 
spatial relationships from making 
sculpture, or getting a better feel 
for how to interact usefully with 
physical objects in the real world 
by learning to play a musical 
instrument, to cite a couple of 
obvious examples. Unfortunately, 
the knowledge that you gain that 
way is usually not easy to express 
verbally and so it’s difficult to 
assess in a written test, and in an 
environment where standardized 
test scores are the only measure of 
satisfactory learning the arts lose 
out. But that sort of non-verbal 
knowledge can be invaluable for a 
scientist. 
For another thing, the sorts of 
projects that might be done in 
an arts program, rehearsing and 
performing a play or a chamber 
music concert, for example, 
are a lot like creative scientific 
research: in the complex and often 
subconscious mental processes 
of negotiating toward a solution 
to a problem over an extended 
period of time; in the fact that the 
‘correct’ solution to the problem 
isn’t known in advance; in the 
knowledge that no matter how 
well it’s done there’s always a 
better or more telling or more 
clever way of doing it if you could 
just find it; and in the fact that in 
the end you stand up in public 
and present the final product to 
a critical audience that will give 
a more nuanced evaluation than 
‘right’ or ‘wrong’ or ‘63%’. 
I could go on but you get 
the idea. My guess is that if 
we continue with the current 
educational model we will finally 
get to the point where we can 
whip the asses of those students 
from Singapore with our math test 
scores, but whether the students 
who do that will ever have a 
passion for doing science and 
whether they can do it with the 
creativity and innovative spirit that 
will allow them to make important 
contributions seems more 
doubtful.
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